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HISTORY ABSTRACT

The use of agricultural by-products as a fish meal is an attempt to minimize the cost of fish
production to aquaculturist and to also create a more environmentally friendly practice. Due to
high demand of Tilapia fish, efforts to improve its growth performance is highly needed. The

application of linearization technique by natural logarithm transformation, even though standard,
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KEYWORDS is inaccurate and can just provide an estimated value for the single parameter measured; the
Nile Tilapia specific growth rate. In this paper, for the first time we used various kinetics models such as Von
g‘rztxfl']“a““‘ modelling Bertalanffy, Baranyi-Roberts, modified Schnute, modified Richards, modified Gompertz,

modified Logistics and most recent Huang were used to get values for the above constants or
parameters from Nile Tilapia Oreochromis niloticus growth on fed diets formulated from local
ingredients in cages. At the end of the modelling exercise, Baranyi-Roberts model proved to be
the finest model with the highest adjusted R’ value and lowest RMSE value. The Accuracy and
Bias Factors values were close to unity (1.0). The kinetics modelling shows that the most
satisfactory fitting is with the Baranyi-Roberts model. The use of Nile Tilapia growth models to
obtained exact growth rate is advantageous for further development of secondary model and this
work has revealed the capability of such models.

Baranyi-Roberts

INTRODUCTION Tilapia culture is expanding in many regions of the world [7].

Growth in the global tilapia culture and the continuous

The usage of on-farm materials like agricultural by-products for
improved fish culture is a cheapest way of improving rural
aquaculture in different low income nations and one of the major
challenge to this is inadequate supply of less expensive and
nutritive fish feed [1]. Fish meal has locally been used as the
source of protein for formulated fish feed because of its good
protein content, required amino acid profile, highly digestible as
well as palatable, it also serve as a source of essential n-3
polyenoic fatty acids [2,3]. However, the inadequate supply of
global fish meal, that is the major conventional source of protein
together with its high request in livestock and poultry industry is
expected to decrease the over reliance on it as a single protein
source in aquafeeds [3—5]. Fishmeal is also reported to be highly
expensive over a period of time [6].

intensification of the culture systems have resulted in a constant
search for strains with superior growth performance [8,9].
Studies of growth curves in tilapias have been very vital by using
equations that can predict the weight of the animal based on its
age, since they summarize information from a data series into a
small set of bio-logically interpretable parameters [10]. The
growth curve is in sigmoidal form, representing the behaviour of
body weight, length, or height in relation to the age of the animal
under study [11]. Growth at the early stage of life is slow,
followed by a period of self-acceleration, until the point of
maximum growth rate is attained, close to puberty, when there is
an auto-slowdown phase [12].

Nonlinear applications used to model the age—weight
relationship to describe the growth curve, traditionally including
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Brody, Richards, Von Bertalanffy, Gompertz, and Logistic
growth functions [8,10,13—16]. Nonlinear equations present
various biological understanding associated to initial conditions,
growth rate, or body weight, all related to economic aspects of
fish farming [17]. The equations that were used in various studies
of different fish species such as Dourada [18], Atlantic blue
marlin, Blacktip shark, Tautog, Atlantic spadefish, Yellowtail,
Redear sunfish [19] and Tambaqui [17]. The use of nonlinear
models for the adjustment of growth curves in tilapia fish was
reported to be satisfactory using all these models Brody, Von
Bertalanffy, Logistic, Gompertz and Richards [10]. Nevertheless,
the Gompertz and Von Bertalanffy models were the most suitable
for strains of tilapia [20]. Gompertz model is reported to be more
suitable in adjusting the growth curve of fish, this due to the fact
that, the body weight at early age is always more than zero
[18,21], it can also provide a good fit even if there is changes in
fish growth until the fish reaches maturity stage [22].

Contrarily, the growth curve of bacteria indicated a
sigmoidal pattern, it begins with the lag section just after t = 0,
followed by the logarithmic section and then the bacteria move
in to stationary phase and lastly moves to death phase or
reduction in bacterial growth. To describe the bacterial growth
curve, different sigmoidal functions like Von Bertalanffy,
Baranyi-Roberts, modified Schnute, modified Richards,
modified Gompertz, modified Logistics and stannard were
compared [23]. They were statistically compared by a
comprehensive model (Schnute model), which is a model that
comprises all other models. The F test and the t test were applied.
In the F test, the lack of fit of the models is compared with the
measuring error while in the t test, confidence intervals for
parameters can be assessed and can be used to differentiate
between the models. Moreover, the models were compared with
respect to their easy practice. To hold all biologically related
parameters, all sigmoidal functions were modified. The models
of Stannard, Schnute and Richards seemed to be fundamentally
the same equation [24,25]. In the cases verified, the modified
Gompertz equation was statistically sufficient to explain the
growth data. The growth curve valued parameters are the
maximum specific growth rate (uma), the lag period and the
asymptotic values. The maximum specific growth rate (tmax)
value can be used in the development of secondary models to
evaluate the effects of substrate, temperature, pH and product on
bacterial growth rate. In other studies, mathematical modelling
of Mo-blue production have been carried out [26,27] but all these
studies use the linearization of the Mo-blue production over time
profile to get the specific growth rate for further secondary
modelling. Due to the usefulness of nonlinear regression analysis
on the growth of different organisms as described above, thus,
the objective of this work is to evaluate different models like
Logistic [23,28], Gompertz [23,29], modified Richards [23,30],
Schnute [23], Baranyi-Roberts [25], Von Bertalanffy [31,32],
Buchanan three-phase [24] and more recently Huang model [33].
In this study, we show for the first time the applicability of the
different models in modelling the growth of Nile tilapia
(Oreochromis niloticus) on fed diets formulated from local
ingredients in cages.

MATERIALS AND METHODS

Data in Fig 2a. from Ngugi et al. [34] was processed by the
software Webplotdigitizer 2.5 [35] that digitizes the scanned
figure that has been utilized by various investigators and
acknowledged for its consistency [36,37].

Statistical analysis

The statistically significant difference between the models was
calculated using different methods including the adjusted
determination coefficient ( R2), accuracy factor (AF), bias factor
(BF), root-mean - square error (RMSE) and AICc (Akaike
Information Criterion) corrected as before. [36].

Fitting of the data

Using the CurveExpert Professional software (Version 1.6),
nonlinear regression using the Marquardt algorithm was
performed to fit the bacterial growth curve using various growth
models (Table 1). The umax of the estimation was performed by
the steepest ascent rifle of the curve, whereas the x-axis crossing
of this line is an estimate of A. The model that shows a high
growth was adopted for the purpose of modelling.

Table 1. Growth models used in modelling the growth curve of Nile
tilapia.

Model p Equation
A
Modified 3 y=
Logistic l+exp 4um (A-1)42
A
Modified 3 e
Gompertz y —Aexp{exp{%(,{z )Jrl}}

Modified 4
Richards

[i)
y—A{l+vexp(1+v)exp|:ﬂ7m(l+v)[l+l](/1—t):l} Y
v
1

Modified 4 —
Schnute y:( m (l;ﬁ ) j|: 1= exp((;fj;l_ﬂ —at) } B

Baranyi- 1 h
Roberts 4 y=A+tpx+ —ln(e"‘-" et g )
A,
o Lol om0 tim—ho
S 1“[ * jil
N Dimax—A)
P
Von 3 . 7[“,”” 3;(7]
Bertalanfty V=K p[p(%) }xp
Huang 4 y:A+ymaX_ln[eA+(€Ymax _eAjefymB(x)j
1, 14+
B (x) =x+—In———
a 1 + ea A
Buchanan Y=A,IFX<LAG
Three-phase 3 Y=A + K(X-), IF L < X > Xpax
linear model Y = Ywmax, IF X > Xuux
Note:

A= Nile tilapia growth lower asymptote;

ymax=Nile tilapia growth upper asymptote;

mmax= maximum specific Nile tilapia growth rate;

v=affects near which asymptote maximum growth occurs.

I=lag time

e = exponent (2.718281828)

t=sampling time

a,b, k = curve fitting parameters

ho = a dimensionless parameter quantifying the initial physiological state of the
reduction process. The lag time (h™") or (d') can be calculated as ho=mmax
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RESULTS AND DISCUSSION

All of the curves tested display visually satisfactory fitting (Figs
2 t0 9). The growth data of Nile tilapia need to be transformed to
log unit prior to modelling. The finest growth was found using
the Baranyi-Roberts model with the least value for RMSE, AICc
and the uppermost value for adjusted R°. The AF and BF values
were seen to be excellent for the model and their values were the
nearer to 1.0. The least performance was the modified Richard

model (Table 2). The coefficients for the Baranyi-Roberts model 15% . . . .
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Fig. 7. Growth of Nile tilapia as modelled using the von Bertalanffy
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Fig. 8. Growth of Nile tilapia as modelled using the Baranyi-Roberts
model.

Table 2. Statistical tests for the various models utilized in modelling the
growth curve of Nile tilapia.

Model p RMSE R’ adR’ _AF BF AlCc

Huang 4 0.028 0.995 0.992 1.008 1.000 -62.33
Baranyi-Roberts 4 0.010 0.999 0.999 1.003 1.000 -86.49
modified Gompertz 3 0.035 0.992 0989 1.010 1.000 -64.46
Buchanan-3-phase 3 0.029 0.994 0.992 1.010 1.000 -68.71
modified Richards 4 0.039 0991 0986 1.013 1.000 -54.96
modified Schnute 3 0.014 0.999 0.998 1.004 1.000 -79.31
modified Logistics 3 0.030 0.994 0991 1.011 1.000 -67.64
von Bertalanffy 4 0.036 0.991 0.988 1.013 1.000 -63.46

Note: p is no of parameter
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Fig 9. Modelling of the log growth of Nile tilapia on various diets using
the Baranyi-Roberts model.

Table 3. Growth coefficients as modelled using the Baranyi-Roberts
model.

Parameters Value  95% Confidence interval
DO

Initial growth value  35.56 33.88t037.33
Final growth value  352.37 331.89 to 74.97
Specific growth rate  0.03 0.03 to 0.04

D2

Initial growth value  31.33 29.6483 to 33.11
Final growth value ~ 319.15  296.483 to 343.56
Specific growth rate  0.04 0.031 t0 0.04

D1

Initial growth value  20.56 18.88 t0 22.39
Final growth value ~ 199.07 182.81 to 216.77
Specific growth rate  0.05 0.039 t0 0.06

The overlapping of the 95% confidence intervals for the specific
growth rate (SGR) parameter indicate no significant differences
[38,39] while there is an overlap between feeds DO and D2 for
the final growth value indicating no significant difference in
terms of performance whilst for D1 the final growth value was
significantly the lowest among the three diets (Table 3).

The Baranyi-Roberts model was firstly introduced by
Baranyi [25], and has found to be used in the modelling of many
microorganism growth but mainly bacteria [25,40-50]. In
addition, the Baranyi-Roberts model has been effectively applied
to model algae growth as documented in various works [51,52].
Growth of some fish is also best described by this model [41,53].
The Baranyi-Roberts model was recommended to generally be a
lot more automatic in qualities than the modified Gompertz
model, having its parameters with a biological meaning in
comparison to the modified Gompertz model. This is attributed
to the fact that, the model is having 4 parameters to be fitted.
Another important approach to improve the statistical benefit of
a mechanistic model having four parameter against a non-
mechanistic three-parameter model is basically to upsurge the
number of sets of data acquired [23].

The obtained parameters from the fitting activities were
maximum fish growth rate (mm), lag time (1) the dimensionless
parameter /s, and maximal fish growth (Ymar). The three
biologically meaningful coefficients (mn), lag time (l) and
maximal fish growth (Ymax) would be later applied for secondary
modelling of fish growth. These mechanistic models are applied
in basic research and are meant to attain a better understanding
of the physical, chemical and biological processes that causes to
the growth profile observed. Under normal circumstance, the
mechanistic models are more reliable because they inform about
the fundamental processes driving patterns. They are expected to
work appropriately when extrapolating beyond the experimental
conditions [54].

CONCLUSION

In conclusion, The Baranyi-Roberts model was the best model in
modelling the growth of Nile tilapia (Oreochromis niloticus) on
fed diets formulated from local ingredients in cages based on
statistical tests such as corrected AICc (Akaike Information
Criterion), bias factor (BF), adjusted coefficient of determination
(R?) and root-mean-square error (RMSE). Parameters obtained
from the fitting exercise were maximum growth rate (#max), lag
time (1), maximal growth (Ymar) and minimal growth (Y,). The
use of Nile Tilapia growth models to obtained exact growth rate
is advantageous for further development of secondary model and
this work has revealed the capability of such models.
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